The loss of electrolyte balance in diets of broiler chickens has resulted in a serious disturbance of blood acid-base balance, coupled with elevated body temperature. The body losses carbon dioxide (CO 2 ) and bicarbonate (HCO 3 ), resulting in respiratory alkalosis or acidosis. Under tropical conditions of high environmental temperatures, the balance of electrolytes in feeds must be set much higher as to maintain equal metabolic and digestive efficiency. However, information on the ideal dietary electrolyte balance (DEB) that could effectively correct acid-base imbalance in broiler chickens under severe heat stress condition is scanty. Therefore, the effects of varying electrolyte balance in diets on haematology, blood glucose and serum inorganic elements were assessed in broiler chickens at starter (0 -21 d) and finisher (22 -35 d) phases, under temperature-humidity index of 24.97 -35.19. One day-old Arbor Acre chicks (n = 300) were procured and randomly allotted to diets supplemented with potassium chloride and sodium bicarbonate, to balance monovalent ions (sodium, potassium and chloride) at 210 (T1), 240 (T2), 270 (T3), 300 (T4), 330 (T5) and 360 (T6) mEq/kg DEB, in a completely randomised design. On days 21 and 35, blood (5 mL) samples were collected from birds in each replicate whose weights were closest to the mean class weight for haematology and serum biochemical indices using standard procedures. Data were analysed using descriptive statistics and ANOVA at α = 0.05. Different levels of DEB did not significantly affect (P > 0.05) haematology and blood glucose at starter phase. However, at finisher phase, heterophil: lymphocyte of birds on 270 and 240 mEq/kg DEB were lower (P < 0.05) compared to other dietary treatments. Blood acid-base balance was relatively enhanced in birds on aggregate DEB level of 360 mEq/kg with reduced chloride ion Open Access https://doi.org/10.4236/ns.2020.121002 5 Natural Science and relatively lower incidence of hemodilution with respect to high haemoglobin levels as this level is advantageous in balancing blood acid to base ratio in broiler chickens reared under severe environmental temperatures higher than 43˚C ± 5˚C as against some previous opinions that did not take into consideration, the inherent dietary electrolyte balance in feedstuff, other functional mono or divalent ions, and the severity of environmental factors.
INTRODUCTION
According to [1] , the adverse effects of high environmental temperature and imbalance of electrolytes in feeds and blood have resulted in respiratory alkalosis, decreased feed intake and growth performance in broiler chickens. Respiratory alkalosis occurs when carbon dioxide and oxygen balance in the blood are not kept at equilibrium. During respiration, the lungs exhale carbon dioxide and inhales oxygen, but when stress occur, the birds breathe faster, dropping the levels of carbon dioxide and causing a sharp rise in blood pH, and causing a rise in blood alkalinity. Some of the physical defects of respiratory alkalosis include discomfort in the chest area, decreased feed intake and muscle spasms, among others. [2] reared broilers under moderately high ambient temperatures and relative humidity and reported significantly high blood pH and bicarbonate (HCO 3 ) concentration with DEB of 360 mEq/kg compared to 0, 120 and 240 mEq/kg at 42 d of age. The authors noted further that the base excess value was closest to zero (−0.30) in the heat stress room with 240 mEq/kg DEB. [3] opined that the blood base excess value near to zero is desirable, as it indicates the maintenance of required acid-base balance for better performance. [4] stated that an increase in plasma chloride ion decreases hydrogen ion excretion and bicarbonate ion reabsorption by the kidneys, while an increase in plasma sodium ion increases hydrogen ion excretion and bicarbonate ion reabsorption and noted that both situations affect blood pH differently. Also an increase in plasma potassium ion decreases bicarbonate ion reabsorption from the kidneys. Higher levels of dietary chloride depress blood pH and bicarbonate and are associated with the occurrence of tibial dyschondroplasia and cartilage abnormalities and competitive assimilation of calcium in the small intestine [5] .
Birds on 250 mEq/kg showed better performance, well maintained blood pH, bicarbonate, hemoglobin, heterophil (H), lymphocytes (L), H to L ratio and blood nutrients (glucose, Na, K and Cl) while retaining more monovalent ions (Na, K and Cl) [3] . It has been well established that severe heat stress, that induces panting, results in the loss of carbon dioxide (CO 2 ), reduction in blood partial pressure of CO 2 (pCO 2 ), high blood pH, and loss of HCO 3 and cations, particularly potassium ion (K + ) in urine. Any therapy that replenishes either lost carbon dioxide, HCO 3 , mineral ions and reduces the alkalotic pH to maintain the blood acid-base balance will be considered as beneficial. During heat stress, increase in heterophils and decrease in lymphocytes along with an increase in H to L ratios have been well noted [6] [7] [8] . [9] noted higher blood glucose in heat stressed broiler chickens, while [10] reported lower values of blood haematocrit in heat-stressed birds. Lower haemoglobin concentration was also observed in heat stressed broilers [7, 11] . As ambient temperature rises, the blood potassium ion and sodium ion concentration decreases, while chloride ion increases resulting in low blood electrolyte balance [12] . However, [13] did not observed any significant effect of varying DEB treatments on blood electrolytes, blood glucose and physiological parameters in heat stressed broilers. The authors opined that during heat stress, broiler chickens made use of compensatory mechanisms when attempting to maintain acid-base homeostasis, blood nutrient and physiological variable concentrations. Therefore, the continual exposure to high temperatures probably promotes adaptive responses, thus making the interpretation of the analyzed blood component variables more difficult [13] . At higher environmental temperatures, the balance of dietary electrolytes must be set much higher as to maintain equal metabolic and digestive efficiency. However, information on the ideal dietary electrolyte balance that could effectively correct acid-base imbalance in broiler chickens under severe heat stress condition is scanty. Therefore, the objective of this study was to examine the role of key monovalent minerals on haematology, blood nutrient and serum inorganic elements of broiler chickens reared under high ambient temperatures. Natural Science
MATERIALS AND METHODS
The protocol for these experiments were reviewed and approved by the Institutional Animal Care and Use Committee; and the Agricultural Biochemistry and Nutrition Unit of the Department of Animal Science, University of Ibadan, Nigeria. The study was carried out at the Teaching and Research Farm, University of Ibadan, Nigeria. A total of 300, one-day old Arbor Acre broiler chicks were randomly allotted to six dietary treatments (mEq/kg: 210, 240, 270, 300, 330, 360 DEB) with five replicate groups in a Completely Randomized Design (CRD). Feed grade Potassium chloride and Sodium bicarbonate, and the inherent potassium, sodium and chloride ions in feed ingredients were the electrolyte sources. The aggregate DEB was calculated using the equations derived by [14] . The derived equations were based on the following assumptions for an ideal DEB.
1) The DEB equation is dependent on mineral sources.
2) The DEB equation must be able to hold other macro ions at a constant, whose excess or deficiency could constitute an imbalance.
3) Other macro ions are held at a constant under recommended value ranges for broiler chickens.
where [y] = mineral sources. And [c] = other macro ions (Ca, Mg, P, S etc) held constant. Aggregate DEB = Inherent DEB in rations + DEB in Electrolyte sources. The concept of aggregate DEB postulated by [14] has shown that regardless of poultry feed ingredients compounded to make up a balanced ration, there exist in rations fed to broiler chickens, an inherent dietary electrolyte balance ranging from 115 to 210 mEq/kg. Therefore, not more than 30 to 140 mEq/kg DEB are required from mineral sources. Drinking water was supplied to heat-stressed birds as described by [15] . Maximum and minimum average ambient temperature and relative humidity were monitored on a daily basis. At days 21 and 35, venous blood samples (5 mL) were collected by puncture of the wing vein (brachial vein) in two birds per replicate pen by using sterilized needles. Samples were identified and fractionated, with 2 mL put into a tube containing anticoagulant (EDTA) and 3 mL saved for other analyses. Samples containing anticoagulant were used to analyze haematological parameters and to calculate the heterophil to lymphocyte ratio. Haematological parameters measured includes packed cells volume (PCV), white blood cells (WBC), heterophils, eosinophils, basophils, lymphocytes, monocytes [16] , haemoglobin (Hb) concentrations (measured by Sahli's haemoglobinometer), and Red blood cells (RBC). The WBC was done in a haemocytometer chamber using Natt and Herric diluents [17] to obtain a 1:200 blood dilution. The PCV was measured as micro haematocrit with 75 × 16 mm capillary tubes filled with blood and centrifuged at 2500 rpm for 5 min. The differential leukocyte counts were made on monolayer blood films prepared and fixed in absolute methanol for 2 to 5 min and were subsequently stained as described by [18] and examined under a light microscope. Blood glucose and some serum inorganic elements (Na, K, Cl, Mg, and bicarbonates) and blood pH were also assessed. Assay was conducted in each diet for sodium and potassium (Flame spectrophotometer), and chloride (titration) [19] . Data obtained were subjected to descriptive statistics and analysis of variance using SAS package [20] . Means for treatments in the analysis of variance were compared using Duncan Multiple range test and all statement of significance were based on probability level of 0.05. Table 1 shows the analysed nutrients in dietary treatments fed to broilers at starter and finisher phases under tropical conditions. The effect of varying electrolyte balance in feed on haematology and blood glucose of broiler chickens reared under high temperature-humidity index at starter phase is shown in Table 2 . It was observed that haematological parameters and blood glucose were not significantly (P > 0.05) affected by varying dietary electrolyte balance in heat-stressed broiler chickens at starter phase. Natural Science However, a numerical increase was observed in heterophil to lymphocyte ratio of birds fed 300 mEq/kg DEB at day 21. However, at finisher phase (Table 3) , there were no significant (P > 0.05) differences observed in PCV, Hb, RBC, WBC, monocyte, eosinophils, basophils, platelet and blood glucose, but lymphocyte and heterophils of heat-stressed birds fed varying DEB were significantly (P < 0.05)affected at finisher phase. It was observed that birds fed 210 mEq/kg aggregate DEB had lower (P < 0.05) lymphocyte count and did not differ (P > 0.05) from 300, 330 and 360 mEq/kg DEB. The heterophils of birds fed 240 and 270 mEq/kg DEB were lower (P < 0.05) compared to other dietary treatments. Birds on 240 and 270 mEq/kg DEB had significantly (P < 0.05) lower heterophil to lymphocyte ratio compared to other DEB treatments. The results of present study corroborate the report of [7] and [8] who noted that during heat stress, there is increase in heterophilsand decrease in lymphocyte values along with an increase in H to L ratios. However, contradictory report was observed at finisher phase in present study with respect to [9] who noted higher blood glucose in heat stressed broiler chickens. [10] reported lower values of blood haematocrit in heat-stressed birds. The result of present findings was not consistent with the report of [7] who noted lower haemoglobin concentration in heat stressed broilers. This may be due to the fact that the concept of aggregate DEB inherent in feeds was not critically considered. The effect of different DEB treatments on some serum inorganic elements and blood pH of heat-stressed broiler chickens at finisher phase is shown in Table 4 . It was observed that there were no significant (P > 0.05) differences in blood sodium, magnesium, bicarbonate and pH of heat-stressed birds on varying levels of aggregate DEB. However, blood potassium and chlorine ion in heat-stressed birds were affected by varying DEB at finisher phase. Birds on 330 mEq/kg aggregate DEB had higher (P < 0.05) blood potassium concentration and a lower (P < 0.05) chloride concentration, while birds fed 240 mEq/kg DEB had significantly (P < 0.05) higher blood chloride concentration. These results partly agree with the findings of [21] who reported that there was no significant effect of dietary Na (0.20%, 0.25%, and 0.30%), Cl (0.30%, 0.40%, and 0.50%) or Na and Cl on blood pH, serum Na and K contents at fixed DEB of 250 mEq/kg. Contrary to these, [22] reported that blood Na + , K + and Cl − levels were the direct impact of supplemented minerals. The authors noticed higher blood Na + , K + and Cl − levels in birds fed Na + , K + and Means for treatments within a column with no common superscript showed significant (P < 0.05) differences using DMRT. PCV-Pack cell volume, Hb-Haemoglobin content, RBC-Red blood cell, WBCwhite blood cell, Lymp-Lymphocyte, Hetero-Heterophil, Mono-Monocyte, Eos-Eosinophils, Baso-Basophils, GLU-Glucose, SEM-Standard error of mean, P Value-probability. Natural Science Means for treatments within a column with no common superscript showed significant (P < 0.05) differences using DMRT. SEM-Standard error of mean, P Value-probability, DEB-dietary electrolyte balance.
RESULTS AND DISCUSSION
Cl − supplements, respectively. [23] noted that potassium level in the body correlates with muscle mass and it used to calculate the body mass in vivo application of radioactive isotope of potassium-K40. [12] reported that as ambient temperature rises, the blood potassium ion and sodium ion concentration decreases, while chloride ion increases leading to low blood electrolyte balance. However, [13] did not observed any significant effect of varying DEB treatments on blood electrolytes, blood glucose and physiological parameters in heat stressed broilers. The authors opined that during heat stress, broiler chickens made use of compensatory mechanisms when attempting to maintain acid-base homeostasis, blood nutrient and physiological variable concentrations. One of such includes the intake of water that aids digestion process and adsorption of nutrients needed to maintain balance as reported by [15] . [24] reported that for every 0.25% increase in sodium chloride content of the diet there will be an additional 9 g excretion of water per gram of faeces.
IMPLICATION
Heterophil to lymphocyte ratio of heat-stressed broilers was significantly lower at a dietary electrolyte balance of 240 and 270 mEq/kg during finisher phase indicating an ameliorating effect on heat stress. However, blood acid-base balance was relatively enhanced in birds on DEB level of 360 mEq/kg with reduced chloride ion and relatively lower incidence of hemodilution with respect to high haemoglobin levels. Therefore, an aggregate dietary electrolyte balance of 360 mEq/kg is advantageous in balancing blood acid to base ratio in broiler chickens reared under severe environmental temperatures higher than 43˚C ± 5˚C as against some previous opinions that did not take into consideration, the inherent dietary electrolyte balance in feedstuff, other functional mono or divalent ions, and the severity of environmental factors.
